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(54) Press machine and method of controlling the same

(57) Provided is a press machine for driving a slide
(6) by a motor (1), including a control device for controlling

driving of the motor (1), in which the press machine has
a press capacity which can be variably controlled by using
field control for the motor (1).
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Description

Field of the invention

[0001] The present invention relates to a press ma-
chine and a method of controlling the same.

Background

[0002] For example, as described in Japanese Patent
Application Laid-Open No. 2006-192467, a servo-press
machine has a feature that an operation of a slide can
be variably controlled in response to various requests so
that an operation pattern of the servo-press machine can
be selected.
[0003] In the servo-press machine, a torque capacity
of the servo-press machine (capacity expressed by the
amount of pressure which can be generated and a dis-
tance in millimeter above bottom dead center (BDC)
where the pressure is generated) and a press operating
speed (strokes per minute (SPM)) which can be achieved
at the time when the pressure is generated depend on
the capacity of a servomotor which is used for the servo-
press machine.
[0004] Specifically, the characteristics of the press ma-
chine such as the torque capacity and the production
speed are determined by a maximum rotation speed and
a maximum torque characteristic of the motor. Therefore,
if the torque capacity and the production speed obtained
only with the used motor are insufficient, a method in-
volving performing pressurization by using a plurality of
motors, that is, the combination of the servomotor and a
linear motor (see Japanese Patent Application Laid-
Open No. 2001-150193, and the like) and a method in-
volving switchably using a plurality of motors for different
steps performed by the press machine (see Japanese
Patent Application Laid-Open No. 2008-119737, and the
like) have been proposed.
[0005] Although an object of a press process including
press working can be achieved with the methods de-
scribed in Japanese Patent Application Laid-Open No.
2001-150193 and Japanese Patent Application Laid-
Open No. 2008-119737, there is a fear in that the press
machine becomes complex due to the use of the plurality
of motors or the use of the plurality of motors separately
for the different steps.

Summary of the Invention

[0006] The present invention has been made in view
of the problems described above, and therefore has an
object to provide a press machine capable of variably
controlling a capacity (or performance) of the press ma-
chine (press capacity) such as a torque capacity (or pres-
sure force generation characteristic during one stroke of
a slide which makes reciprocating movement (hereinaf-
ter, the characteristic is also referred to as stroke pres-
sure characteristic)) or a production speed according to

various required characteristics even though a configu-
ration of the press machine is simple and low-cost, and
a method of controlling the press machine.
[0007] The present invention provides a press ma-
chine for driving a slide by a motor, including a control
device for controlling driving of the motor, in which the
press machine has a press capacity which can be vari-
ably controlled by using field control for the motor.
[0008] In the present invention, the press capacity may
include a torque capacity (or stroke pressure character-
istic) of the press machine.
[0009] In the present invention, the press capacity may
include any one of SPM and a moving speed of the slide.
[0010] In the present invention, the variable control of
the press capacity may be performed by variably control-
ling at least one of a pressure force generation charac-
teristic with respect to a position of the slide, a maximum
pressure force exerted on a work piece, a processing
speed at a time of generation of the maximum pressure
force, and a position where a capacity for generating the
maximum pressure force is generated.
[0011] In the present invention, the press machine may
be configured to limit a torque command to the motor
based on a content of the variable control of the press
capacity.
[0012] In the present invention, when the motor is an
AC motor, the press machine may be configured to obtain
information related to a d-axis current based on at least
one of a rotation speed of the motor, a torque command,
and a DC voltage of a power converter for driving the
motor, to perform the field control.
[0013] In the present invention, the press machine may
be configured to change a command for a d-axis current
in the field control according to an operation pattern of
the press machine.
[0014] In the present invention, the press machine may
be configured to change the command for the d-axis cur-
rent in the field control according to an operation frequen-
cy.
[0015] The present invention also provides a method
of controlling a press machine for driving a slide by a
motor, including controlling driving of the motor, in which
the press machine has a press capacity which can be
variably controlled by using field control for the motor.
[0016] In the present invention, the method may further
include changing the command for the d-axis current in
the field control according to the operation pattern of the
press machine.
[0017] In the present invention, the method may further
include changing the command for the d-axis current in
the field control according to the operation frequency.
[0018] According to the present invention, the press
machine, capable of variably controlling the press capac-
ity such as the torque capacity (or pressure force gener-
ation characteristic during one stroke of the slide which
makes reciprocating movement (stroke pressure char-
acteristic)) or the production speed according to various
required characteristics while preventing the motor, the
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control device, and a power-supply facility from being
increased in size and being complex even though the
configuration of the press machine is simple and low cost,
and the method of controlling the press machine, can be
provided.
[0019] According to the present invention, for example,
the torque capacity (capacity of generating the pressure
force to be exerted on a work piece) can be variably con-
trolled by using the field control. Further, an output of the
motor is variably controlled by using the field control. As
a result, the torque capacity (capacity of generating the
pressure force exerted on the work piece) is controlled
so as to be continuously varied during a press stroke.
[0020] According to the present invention, the type of
capacity can be selected depending on which of the
torque capacity and the operating speed for pressuriza-
tion is regarded as more important as a requirement of
the press working.
[0021] Moreover, even when the capacity of the press
machine can be variably controlled as in the present in-
vention, the press machine having the pressure force
which does not exceed a set maximum pressure force
can be provided by limiting a torque command given to
the motor according to the content of the variable control.

Brief Description of the Drawings

[0022]

FIG. 1 is a diagram illustrating a configuration exam-
ple of a press machine to which the present invention
is applied;
FIG. 2 is a control block diagram illustrating a control
device according to first, second, and third embodi-
ments of the present invention;
FIG. 3 is a map showing an example of setting of a
d-axis current command and a q-axis current com-
mand according to a control method of the first to
third embodiments;
FIG. 4 is a graph exemplifying a difference in char-
acteristic of a maximum (generated) torque with re-
spect to a motor rotation speed depending on wheth-
er or not the d-axis current command and the q-axis
current command shown in FIG. 3 are given (whether
or not field control is performed);
FIG. 5 is a graph showing an example of setting of
a characteristic of a slide operation of the press ma-
chine, for which the control method of the first to third
embodiments is used;
FIG. 6 is a graph showing another example of the
setting of the characteristic of the slide operation of
the press machine, for which the control method of
the first to third embodiments is used;
FIG. 7 is a graph showing an example of torque com-
mand limitation for realizing the characteristic shown
in FIG. 6;
FIG. 8 is a graph showing a further example of the
setting of the characteristic of the slide operation of

the press machine, for which the control method of
the first to third embodiments is used;
FIG. 9 is a graph showing an example of the torque
command limitation for realizing the characteristic
shown in FIG. 8;
FIG. 10 is a control block diagram illustrating a con-
trol device according to a fourth embodiment of the
present invention;
FIG. 11 is a map showing an example of setting of
the d-axis current command according to a control
method of the fourth embodiment;
FIG. 12 is a control block diagram illustrating a con-
trol device according to a fifth embodiment of the
present invention;
FIG. 13 is a map showing an example of setting of
the d-axis current command according to a control
method of the fifth embodiment; and
FIG. 14 is a diagram illustrating a difference in char-
acteristic of the maximum (generated) torque with
respect to the motor rotation speed depending on
whether or not the d-axis current command and the
q-axis current command shown in FIG. 13 are given
(whether or not magnetic fried control is performed).

Description of the Preferred Embodiments

[0023] Hereinafter, embodiments of the present inven-
tion are described referring to the accompanying FIGS.
1 to 11. The present invention is not limited to the em-
bodiments described below.
[0024] FIG. 1 illustrates a servo-press machine illus-
trated in a simplified manner as an example to which the
present invention is applied.
Here, an example is described where the present inven-
tion is applied to a crank press as the press machine, in
which a crank mechanism is used for converting rotation-
al movement corresponding to an output of a servomotor
into reciprocating movement of a slide. A main gear 3 is
meshed with a gear 2 connected to a shaft 1S of an AC
motor 1. The crank mechanism (drank shaft 4 and con-
necting rod 5) is connected to the main gear 3.
[0025] A slide 6 is structured so that the slide 6 can be
raised and lowered with respect to (separated away from
and brought into contact with) a bolster 7 on a stationary
side by the crank mechanism in a direction indicated by
an arrow illustrated in FIG. 1.
[0026] The crank shaft 4 is rotatably driven in conjunc-
tion with forward rotation, reverse rotation, and variable-
speed control of the AC motor 1. Therefore, various mo-
tions of the slide 6 (hereinafter, the motion (operation) of
the slide 6 is also referred to as a slide motion) can be
freely set such as a slide motion other than a slide motion
made by a steadily and unidirectionally-rotated crank
mechanism, a slide motion adapted to a body to be mold-
ed, which includes a static slide motion, or a forward or
reverse pendular motion. Any one of various slide mo-
tions described above can be appropriately selected so
as to be used in a switched manner.
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[0027] Therefore, adaptability to processing accuracy
for a press-molded body and, in addition, to productivity
and the like can be improved.
[0028] As the AC motor 1, a synchronous motor using
a permanent magnet, an induction motor, a reluctance
motor, or the like may be used. Further, a DC motor may
be used in place of the AC motor. Herein, the AC motor
1 is described as a permanent-magnet synchronous mo-
tor.
[0029] Moreover, although FIG. 1 illustrates the crank
press as an example, a press machine having another
structure, for example, a structure using a ball screw or
a linear motor, may be used.

(First Embodiment)

[0030] FIG. 2 illustrates an embodiment of a device for
controlling the servo-press machine illustrated in FIG. 1.
A first embodiment corresponds to an example where a
maximum torque generated (output) by a motor is con-
stant, but a position where a torque of the motor is gen-
erated (position of the slide 6 above BDC (angular posi-
tion of the crank)) is changed by field control, specifically,
amodeofgenerationof the torque with respect to the po-
sition of the slide 6 above BDC (angular position of the
crank) is changed by the field control.
[0031] For the field control for the motor, if a rotation
speed falls within the range of a high-speed rotation
speed equal to or higher than a predetermined speed, a
counter electromotive force (generated voltage) increas-
es to make the control difficult, which results in reduction
of output. Therefore, various methods such as a method
of weakening a magnetic field as field-weakening control
have been proposed. In this embodiment, the known field
control method as described above may be used.
[0032] A DC-side of an inverter 21 is connected to a
DC power source (not shown) so that electric power is
supplied to the inverter 21. An AC-side of the inverter 21
is connected to an AC motor 1 so that the AC motor 1 is
driven by a variable AC voltage at a variable frequency
from the inverter 21. A rotation speed or a rotational po-
sition of the AC motor 1 is detected by an encoder 22.
[0033] Next, the control device is described. A control
system is constituted by a digital circuit. In the control
system, computation is performed by a central process-
ing unit (CPU), whereas a program and a parameter re-
quired for the computation are stored in a memory. A
configuration of the control system is known, and there-
fore, the detailed description thereof is herein omitted.
[0034] A command for a rotational position and a ro-
tation speed (hereinafter, also referred to simply as a
position/speed command) to the AC motor 1 is output
from a motion command section 202. A signal from the
motion command section 202 is set and output in the
following manner.
[0035] In a capacity setting section 201a, a maximum
pressure force and a position where the maximum pres-
sure force is generated (position above BDC), which are

required for the press machine, that is, a torque capacity
of the press mechanism is selected.
[0036] Further, a press operation pattern according to
processing conditions are set in an operation condition
setting section 201. Upon input of a start signal, a motion
command for driving the AC motor 1 is output from the
motion command section 202 as the set press operation
pattern, specifically, a motor operation pattern for realiz-
ing the press operation pattern.
The capacity setting section 201a is described in detail
below.
[0037] A position/speed control section 203 is operat-
ed by the position/speed command from the motion com-
mand section 202 and a feedback signal from the encod-
er 22 to output the torque command for the AC motor 1.
The torque command signal is input to a torque limiting
section 204.
[0038] The torque limiting section 204 functions so as
to be able to limit the torque command which is actually
given to the AC motor 1 according to the conditions se-
lected in the capacity setting section 201a. If the torque
command signal from the position/speed control section
203 is within the limit, the torque limiting section 204 does
not perform torque limitation. Here, an output from the
torque limiting section 204 is referred to as an actual
torque command. The actual torque command from the
torque limiting section 204 is input to a d-/q-axis current
command section 205, from which signals for commands
of a d-axis current and a q-axis current of the AC-motor
1 are output
[0039] The d-/q-axis current command section 205 il-
lustrated in FIG. 2 outputs a d-axis current command and
a q-axis current command according to an actual torque
command signal and a motor rotation speed.
[0040] FIG. 3 shows an example of settingof the sig-
nals (d-axis current command and q-axis current com-
mand) set in the d-/q-axis current command section 205
by referring to a map or the like based on the actual torque
command and the motor rotation speed from the torque
limiting section 204. In this case, a control pattern is set
so that the torque generated by the motor is increased
in response to the actual torque command and a terminal
voltage of the motor does not exceed a predetermined
voltage with respect to a rotation speed N.
[0041] As shown in FIG. 3, the d-axis current command
is determined so that an absolute value of the d-axis cur-
rent command increases on the negative side as the mo-
tor rotation speed increases and the absolute value of
the d-axis current command increases on the negative
side as a value of the torque command increases. As
described above, upon determination of the d-axis cur-
rent command value (according to (Expression 1) de-
scribed in FIG. 3), the q-axis current command value is
determined. The pattern of the d-axis current command,
which is shown in FIG. 3, is merely an example. A cal-
culation by a theoretical expression, a calculation by a
simplified expression, an experimental expression, an
experimental value, or the like is appropriately selected
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according to a motor structure or a desired accuracy for
the torque control. The computation expressed by (Ex-
pression 1) described in FIG. 3 is also merely an example.
The q-axis current command may also be obtained by
an approximate calculation or an experimental expres-
sion without performing the computation expressed by
(Expression 1). Moreover, the actual d-axis current com-
mand and q-axis current command may be computed
according to an expression or may be realized by a pat-
tern using a memory map. The method of obtaining the
actual d-axis current command and q-axis current com-
mand is appropriately selected depending on the config-
uration of the control system.
[0042] The AC motor 1 is controlled by the d-axis cur-
rent command and the q-axis current command as de-
scribed above. With the pattern shown in FIG. 3, so-called
field control of the AC-motor, for changing a magnetic
flux of the permanent magnet motor, is realized.
Although the case where the AC motor 1 is the perma-
nent-magnet synchronous motor is described in this em-
bodiment, the field control can also be performed by field
winding current control in the case where a wound-rotor
type synchronous motor is used. Further, the field wind-
ing current control and the d-/q-axis current control may
be used in combination. Further, even when the induction
motor or the reluctance motor is used, the field control
can be performed in the same way. Moreover, the field
winding current control can also be performed for the DC
motor.
[0043] On the other hand, the field control for the AC
motor is realized not only by giving the d-axis current
command and the q-axis current command on rectangu-
lar coordinates but also by giving commands for the de-
gree and the phase of the current on cylindrical coordi-
nates.
[0044] Here, an example of a relation between the ro-
tation speed and the maximum torque of the motor in the
case where the d-axis current and the q-axis current are
controlled as shown of FIG. 3 is shown in FIG. 4. A curve
indicated by a broken line of FIG. 4 shows an example
of the relation between the rotation speed and the max-
imum torque of the motor in the case where the control
of the d-axis current and the q-axis current as shown in
FIG. 3 is not performed (field control is not performed).
[0045] In the case where the d-axis current and the q-
axis current are controlled (field control is performed) as
indicated by a solid line of FIG. 4, a maximum torque TA
is maintained from a point at which the rotation speed is
zero to a point A at which the rotation speed becomes
NA. After the rotation speed exceeds NA, however, the
maximum torque decreases as the rotation speed in-
creases. At a point at which the rotation speed is NB, the
torque becomes TB indicated by a point B.
Specifically, the torque is maintained at the maximum
torque TA determined by current limitation from the point
at which the rotation speed is zero to the point at which
the rotation speed is NA and has the torque curve deter-
mined by the current limitation and voltage limitation in

the range where the rotation speed is equal to or higher
than NA. By the field control as described above, the
generation of the torque equal to or larger than the pre-
determined value can be ensured even in the range
where the rotation speed is higher than NA.
[0046] In the case where the field control is not per-
formed, specifically, the value of the d-axis current com-
mand is zero, the maximum torque from the point at which
the rotation speed is zero to the point at which the rotation
speed is NA is slightly lower than TA, as indicated by the
broken line of FIG. 4. Further, the generated torque sud-
denly drops in the range where the rotation speed is high-
er than NA. Therefore, the generation of the torque is not
expected in the range where the rotation speed is higher
than NA.
[0047] Returning to FIG. 2, the d-axis current com-
mand and q-taxis current command from the d-/q-axis
current command section 205 are input to a d-/q-axis
current control section 206.
[0048] An output AC current from the inverter 21 is
detected by a current detector 209. The signal detected
by the current detector 209 is detected by a coordinate
converting section 210 as a d-axis current detection sig-
nal and a q-axis current detection signal on a d-axis and
a q-axis, respectively. The d-/q-axis current control sec-
tion 206 is operated by the command signals from the
d-/q-axis current command section 205 and feedback
signals from the coordinate converting section 210 to out-
put signals for commands of the d-axis voltage and the
q-axis voltage. The signals are converted into voltage
commands in a rest frame through the coordinate con-
verting section 207 to be then input to a pulse width mod-
ulation (PWM) control section 208. In this manner, the
inverter 21 is subjected to PWM control.
[0049] The method of controlling the AC current of the
inverter 21 with the configurations of the d-/q-axis current
control section 206, the coordinate converting section
207, the PWM control section 208, the current detector
209, and the coordinate converting section 210 illustrated
in FIG. 2 is known as vector control for the AC motor 1.
Therefore, the detailed description thereof is herein omit-
ted.
[0050] Next, an operation of the capacity setting sec-
tion 201a is described referring to FIG. 5.
FIG. 5 shows stroke pressure curves in the case where
mechanical dimensions such as a stroke length are fixed
to the same values in the press illustrated in FIG. 1. An
ordinate axis indicates a pressure force of the slide,
whereas an abscissa axis indicates a distance from the
lowermost position (BDC) of a lower surface of the slide
to the current position of the lower surface of the slide.
In this case, it is supposed that the AC motor (servomotor)
1 has the relation between the rotation speed and the
maximum torque, which is shown by the curve of FIG. 4.
[0051] In the example of FIG. 5, when the torque gen-
erated by the servomotor 1 is TA shown in FIG. 4, the
maximum pressure force PA (pressure capacity) of the
press machine is obtained when the slide is equal to or

7 8 



EP 2 311 630 A2

6

5

10

15

20

25

30

35

40

45

50

55

lower than a position S1 above BDC. A stroke pressure
curve in this case is indicated by a solid line A1.
The stroke pressure curve A1 represents a characteristic
obtained when the motor torque is TA. Therefore, for the
stroke pressure curve A1, the motor rotation speed is NA
or lower as shown in FIG. 4, and a corresponding oper-
ating speed of the press (hereinafter, referred to as
strokes per minute (SPM)) is WA or less.
[0052] On the other hand, when the motor torque is
TB, the maximum pressure force PA of the press machine
is obtained at a position S3 above BDC or lower. The
stroke pressure curve in this case is indicated by B1 (bro-
ken line).
The stroke pressure curve B1 represents a characteristic
obtained when the motor torque is TB. Therefore, the
motor rotation speed is NB or lower as shown in FIG. 4.
Specifically, the corresponding press SPM is WB or less.
[0053] At this time, the capacity setting section 201a
selects any one of the stroke pressure characteristic A1
with the SPM being WA and the stroke pressure charac-
teristic B1 with the SPM being WB.
When the stroke pressure characteristic A1 is set, press
working with the maximum pressure force PA at the SPM
of WA is ensured up to the position S1 above BDC. On
the other hand, when the stoke pressure characteristic
B1 is set, the press working with the maximum pressure
force PA at the SPM of WB is ensured up to the position
S3 above BDC.
[0054] In this case, WA<WB is satisfied. Specifically,
in the case of the press working which requires the max-
imum pressure force applied from a high position above
BDC (position far from BDC), the characteristic A1 is set.
With the setting of the characteristic A1, the SPM ensured
thereby is WA.
On the other hand, in the case where it is sufficient to
demonstrate the maximum pressure force applied from
a low position above BDC (position near to BDC), the
ensured press SPM can be increased to WB by setting
the characteristic B1. Therefore, efficiency and produc-
tivity of the press operation can be improved.
[0055] As described above, the press capacity can be
selected based on the trade-off between the position
where the capacity for generating the maximum pressure
force is generated and the SPM at the time of generation
of the maximum pressure force. Specifically, for example,
the capacity can be selected depending on which of the
position where the capacity for generating the maximum
pressure force is generated (torque capacity) and the
press operating speed is regarded as more important. In
the example of setting according to this embodiment, the
motor is operated along the torque characteristic shown
in FIG. 4. Therefore, for the maximum torque of the motor,
the characteristic showing the relation between the rota-
tion speed and the maximum torque shown in FIG. 4 is
set as the actual torque command limitation for the motor
in the torque limiting section 204.
[0056] For example, it is supposed that a command
for a motion with the motor rotation speed higher than

NA is issued, that is, a command for the SPM higher than
WA is issued in the case where the characteristic A1 is
selected. In this case, when the rotation speed becomes
higher than NA, the maximum torque is lowered, as
shown in FIG. 4. Therefore, the stroke pressure curve
A1 is not ensured, resulting in a stroke pressure curve
with a smaller torque. When the required pressure force
is high, the processing is impaired thereby. Therefore, at
the time of the motion setting or the operation, a warning
may be issued by an alarm or the like. However, the op-
eration of the press machine can be continued as long
as the processing is not adversely affected by a lowered
speed for pressing because the operation of the motor
itself is not impaired by the lowered torque. Then, the
same operation is performed even in the case where the
characteristic B1 is selected. For example, in the case
of processing which requires the maximum pressure
force when the slide is in the position S1 at the time of
pressing and originally requires the characteristic A1 at
the SPM of WB, the operation at WB cannot be per-
formed. Therefore, at the time of the motion setting or
the operation, the warning may be issued by the alarm
or the like. However, the operation of the press machine
can be continued as long as the processing is not ad-
versely affected by the lowered speed for pressing be-
cause the operation of the motor is not impaired.
[0057] The operation characteristic with the lowered
maximum motor torque at the high SPM is used for a
slide motion which does not particularly require a large
motor torque, for example, a motion of driving the slide
at a higher speed during time other than the press work-
ing than a speed for the press working. Specifically, be-
cause the slide is operated at the high speed during the
time other than the press working, the operation charac-
teristic can be used for purposes which require a torque
for acceleration/deceleration of the slide.
The motion described above can be used as a motion
for achieving both the capacity at the time of press work-
ing (slide position, speed, and torque capacity) and the
high productivity at the same time.
[0058] In the manner described above, the press ca-
pacity is selected by selecting the stroke pressure char-
acteristic in this embodiment. The field control with the
d-/q-axis current control is used for selecting the press
capacity. Therefore, the desired type of processing can
be selected according to the processing conditions with-
out changing the capacity of the inverter such as the max-
imum current or the maximum output current, or increas-
ing the size of the motor itself.
[0059] When the field control is not performed, the
torque generated by the motor suddenly drops in the
range where the rotation speed is equal to or higher than
the rotation speed NA, as indicated by the broken line
shown in FIG. 4. Therefore, changing the setting of the
stroke pressure characteristic itself does not produce any
effects (substantially no effect because a difference in
stroke pressure characteristic is small).
[0060] On the other hand, if the torque capacity of the
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press can be selected by using the field control as in this
embodiment, the capacity of the press can be selectively
varied according to purposes. Specifically, the press with
the capacity indicated by A1 shown in FIG. 5 is achieved
in one case, and the press with the capacity indicated by
B1 shown in FIG. 5 is achieved in another case.
[0061] The example where the selection and the
switching are made between the two capacity settings
has been described. However, the selection may also be
made from two or more capacity settings. Further, the
switching and the setting may be made so as to be con-
tinuously (smoothly) performed. The selection of the ca-
pacity is not only manually input but can also be auto-
matically input according to a die to be used. Alternative-
ly, the selection of the capacity may be set from a superior
control system. The torque capacity (capacity of gener-
ating the pressure force applied to the work piece) can
be controlled to be changed during the press stroke.
[0062] Moreover, the stroke pressure curve (torque ca-
pacity) is selected as the setting performed in the capacity
setting section 201a in this embodiment. However, as is
understood from the description given above, the press
SPM or the motor rotation speed, which ensures the
torque capacity of the press, may alternatively be set (for
example, so that the maximum motor torque is deter-
mined by setting the maximum SPM, which determines
the stroke pressure curve) in the capacity setting section
201a.
[0063] The stroke pressure curve (torque capacity)
can also be set selectable so that the position above
BDC, that is, the position where the capacity for ensuring
the maximum pressure force is generated is appropriate-
ly changed. Further, in response to requests for the SPM,
for the positionwhere the capacity is generated, and the
like, the stroke pressure curve (torque capacity) may be
selected and switched so that the setting can be changed
by appropriately combining the SPM, the position where
the capacity is generated, and the like.
Variably setting the position where the capacity for en-
suring the maximum pressure force is generated is ef-
fective because the position where the capacity is gen-
erated is determined according to a gear strength (torque
resistance) for the required pressure force in the simple
crank press.
Further, other settings which make the gist of this em-
bodiment effective may also be used.

(Second Embodiment)

[0064] FIG. 6 is a graph showing an example where
stroke pressure curves different from those shown in FIG.
5 are set.
This embodiment is an example where the maximum
torque generated (output) by the motor is limited by the
field control and, in addition, the mode of generation of
the torque is changed with respect to the position of the
slide 6 above BDC (angularposition of the crank).
In the capacity setting section 201a according to this em-

bodiment, the maximum pressure force (pressure capac-
ity) of the slide 6 under control is selected. The maximum
pressure force under control at the same position where
the capacity is generated, that is, at the same position
above BDC, is selected. In other words, for example, PA
or PB shown in FIG. 6 is selected.
[0065] Now, if the stroke pressure curve A1 for PA as
shown in FIG. 6 is set as the maximum pressure force
under control, the torque limiting section 204 operates to
limit the maximum value of the torque command to TA
(see FIG. 4 and the like). In this case, in the case where
the motor speed is NA (corresponding press SPM is WA)
or lower, the pressure force with the motor torque TA is
indicated by a stroke pressure curve A1 shown in FIG. 6
(which is the same as the stroke pressure curve A1
shown in FIG 5) when the position of the slide above BDC
is S1 or higher. The pressure force traces the curve A1
according to the position of the slide 6 above BDC. The
pressure force reaches the mechanical limit PA at the
point where the position of the slide 6 is S1 and is main-
tained to the mechanical limit PA from the point where
the position of the slide 6 is S1 to the point where the
position of the slide 6 is BDC.
[0066] Next, when a stroke pressure curve B2 with the
maximum pressure force under control being PB is set
in the capacity setting section 201a, the torque limiting
section 204 performs the operation so that a maximum
value of the torque command is limited to TB (see FIG.
4 and the like). In the case where the motor speed is NB
(corresponding press SPM is WB) or less, the stroke
pressure curve B2 shown in FIG. 6 is obtained when the
slide 6 is in the position S1 above BDC or higher. The
pressure force traces the stroke pressure curve B2 ac-
cording to the position of the slide 6 above BDC. Then,
the pressure force reaches the set value PB at the point
where the position of the slide 6 is S1 and is maintained
to PB from the point where the position of the slide 6 is
S1 to the point where the position of the slide 6 is BDC.
[0067] In this case, in the case where the maximum
torque of the motor is set to TB, the pressure force ex-
ceeds PB when the position of the slide 6 becomes closer
from S1 to BDC. Therefore, the maximum value of the
motor torque is controlled to be lower than TB according
to the position of the slide 6 above BDC so that the pres-
sure force does not exceed PB. The control described
above is performed by the torque limiting section 204.
[0068] FIG. 7 is a graph showing an example of the
torque limitation when the maximum pressure force un-
der control is set to PB (see FIG. 6). When the motor
torque is limited as described above, the obtained pres-
sure force is maintained at the set pressure force (max-
imum pressure force) or lower. Therefore, the occurrence
of abnormality to the die or the like can be prevented.
[0069] For example, the magnetic field is continuously
changed according to a press stroke for bringing the slide
from the position S1 above BDC closer to BDC so that
the maximum torque of the motor is continuously re-
duced. In this manner, the maximum pressure capacity
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(pressure capacity) can be kept constant.
[0070] When the stroke pressure curve is set to A1
(the maximum pressure force under control is set to PA),
the maximum pressure force PA is ensured at the SPM
equal to or smaller than WA. When the stroke pressure
curve B2 is set (the maximum pressure force under con-
trol is set to PB) , the maximum pressure force PB is
ensured at the SPM equal to or smaller than WB.
[0071] In this case, WA<WB is satisfied. Specifically,
in the case of the processing requiring a high pressure
force, when the curve A1 for the higher maximum pres-
sure force PA is set, the SPM ensuring PA is WA. On the
other hand, in the case where a lower pressure force is
sufficient, the press SPM ensuring PB can be increased
to WB by setting the curve B2 of the pressure force PB.
Therefore, the efficiency and the productivity of the press
operation can be improved.
[0072] As described above, the capacity of the press
can be selected based on the trade-off between the max-
imum pressure force under control and the SPM at which
the maximum pressure force is obtained. Specifically,
the capacity can be selected depending on which of the
pressure force and the press operating speed is regarded
as more important. For example, it is assumed that a
command for a motion with the motor rotation speed high-
er than NA (see FIG. 4 and the like) is given, that is, a
command for the SPM higher than WA is given in the
case where the stroke pressure curve A1 is selected. In
this case, the maximum torque is reduced when the ro-
tation speed becomes higher than NA as shown in FIG.
4. Therefore, the stroke pressure curve A1 is not ensured,
which results in a stroke pressure curve with a smaller
torque. Thus, if the slide 6 is in the position where a high
pressure force is required, the processing is impaired.
Accordingly, the warning may be issued at the time of
motion setting or the operation, as in the first embodi-
ment. However, the operation of the press machine can
be continued as long as the processing is not adversely
affected by the lowered speed at the time of pressing
because the operation of the motor itself is not impaired.
The same operation is performed in the case where the
stroke pressure curve B2 is selected.
[0073] Therefore, the operation characteristic as de-
scribed above can be used for a motion which does not
particularly require a large motor torque, for example, a
motion of driving the slide at a higher speed during the
time other than the press working than the speed during
the press working.
[0074] Specifically, the operation characteristic can be
used for a propose in which the slide 6 is operated at a
high speed during the time other than the press working
in one reciprocating stroke of the slide 6 (purpose in which
the output of the torque for operating the slide 6 is suffi-
cient). The motion as described above can be used as a
motion for achieving both the press working and the high
productivity.
[0075] The example where the selection and the
switching are made between the two capacity settings

has been described. However, the selection can also be
made from two or more capacity settings. Further, the
switching and the setting may be made so as to be con-
tinuously (smoothly) performed. The selection of the ca-
pacity is not only manually input but can also be auto-
matically input according to the die to be used. Alterna-
tively, the selection of the capacity may be set from the
superior control system. The torque capacity (capacity
of generating the pressure force applied to the work
piece) can be controlled to be changed during the press
stroke.
[0076] Moreover, as is understood from the description
given above, the maximum pressure force under control
may be set in the capacity setting section 201a or the
press SPM or the motor rotation speed, which ensures
the maximum pressure force, may be set. In addition,
those elements may be set in combination.
Further, other settings which make the gist of this em-
bodiment effective may also be used.

(Third Embodiment)

[0077] FIG. 8 is a graph showing an example where
stroke pressure curves different from those shown in
FIGS. 5 and 6 are set.
A third embodiment is an example where the maximum
torque generated (output) by the motor is limited by the
field control and, in addition, various modes of the gen-
eration of the torque with respect to the position of the
slide 6 above BDC (angular position of the crank) until
the torque reaches the maximum generated (output)
torque can be selected.
As in the second embodiment, the maximum pressure
force under control is set in the capacity setting section
201a in this embodiment. However, the stroke pressure
curves are different from those described in the second
embodiment. Specifically, the stroke pressure curve ob-
tained when the maximum pressure force (pressure ca-
pacity) under control is set to PA is the same, that is, A1
even in this embodiment. However, when the maximum
pressure force under control is set to PB, the stroke pres-
sure force has a characteristic B2 or B3 according to the
motor speed (press SPM)
[0078] The description of the case where the maximum
pressure force under control is set to PA is the same as
that of the first or second embodiment, and therefore, is
herein omitted. Thus, the case where the maximum pres-
sure force under control is set to PB is described below.
[0079] As shown in FIG. 6, when the press is operated
at the press SPM of WB, the stroke pressure curve is B2
and the position of the slide 6 above BDC where the
pressure force PB can be generated is S1 or lower. As
the SPM decreases, that is, as the motor rotation speed
decreases from NB, the maximum torque of the motor is
increased. Therefore, the position of the slide 6 above
BDC where the set pressure force can be generated be-
comes higher.
[0080] When the rotation speed drops from NB to NA,
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an operating point of the motor corresponds to the point
A on the curve indicating the relation between rotation
speed and the torque, which is shown in FIG. 4. At this
time, the SPM is WA.
Specifically, in the case where the SPM is WA, the pres-
sure force traces the curve B3 indicated by an alternate
long and short dash line when the set maximum pressure
force is PB, as shown in FIG. 8.
[0081] As described above, the SPM can be set to WB
in the range where the position of the slide is BDC to S1.
However, when the position of the slide exceeds S1 to
be separated away from BDC, the SPM gradually de-
creases. In the position S2, the SPM is WA (<WB). As
the SPM decreases from WB to WA, the stroke pressure
curve gradually shifts from B2 to B3.
[0082] The torque limitation of the motor with respect
to the position above BDC when the pressure force is set
to PB is shown in FIG. 9.
With the torque limitation, the torque is the maximum
torque TA when the slide is above the position S2 above
BDC as shown in FIG. 9. Then, the torque is gradually
decreased from the point where the position of the slide
is S2 and is limited to TB at the point where the position
of the slide is S1. The region close to BDC, which is below
S1, is the same as that shown in FIG. 7.
[0083] As in the example described above, the press
capacity can be set so as to be variable according to the
position of the slide. The example where the selection
and the switching are made between the two capacity
settings has been described. However, the selection may
also be made from two or more capacity settings. Further,
the switching and the setting may be made so as to be
continuously (smoothly) performed. As in the other em-
bodiments, the selection of the capacity is not only man-
ually input but can also be automatically input according
to the die to be used. Alternatively, the selection of the
capacity may be set from the superior control system.

(Fourth Embodiment)

[0084] FIG. 10 illustrates an example of a configuration
of a fourth embodiment according to the present inven-
tion.
The fourth embodiment differs from the first to third em-
bodiments described referring to FIG. 2 in the method of
giving the d-axis current command and the q-axis current
command. In FIG. 10, the elements denoted by the same
reference numerals as those of FIG. 2 are the same el-
ements.
[0085] In the configuration of the fourth embodiment,
as illustrated in FIG. 10, the DC voltage of the main circuit,
which is input to the inverter 21, is detected by a voltage
detector 1001. Then, the detected DC voltage (DC volt-
age value) is input to ad-/q-axis current command section
1002.
[0086] FIG. 11 shows an example of the d-axis current
command pattern. The d-axis current command is similar
to that shown in FIG. 3. However, as the value of the

torque command becomes larger, the command pattern
becomes a pattern as indicated by solid lines of FIG. 11.
In addition, when the DC voltage further decreases from
a predetermined value, the d-axis current command val-
ue is set as indicated by broken lines according to the
decrease in DC voltage.
By the setting as described above, the d-axis current val-
ue is changed even according to the DC voltage. The
method described above is effective for a press machine
with a large fluctuation in DC voltage.
[0087] The pattern of the d-axis current command
shown in FIG. 11 is merely an example, and therefore is
appropriately selected according to the motor structure
or the desired accuracy for the torque control. The q-axis
current command is determined in the same manner as
that described in FIG. 3.
[0088] The d-axis current command and the q-axis cur-
rent command may be realized by a pattern using the
memory map or may be derived by an experimental ex-
pression. The d-axis current command and the q-axis
current command are appropriately selected according
to the configuration of the control system. Even when the
d-axis current and the q-axis current are commanded in
the manner as described above, the field control for the
AC motor 1 can be realized.
[0089] For the d-axis current command and the q-axis
current command described above, various setting meth-
ods described above can be used for setting the press
capacity in the capacity setting section 201a. In this case,
the torque characteristic with respect to the rotation
speed of the motor changes according to the DC voltage
value. Therefore, the press capacity is set in considera-
tion of the change in torque characteristic.

(Fifth Embodiment)

[0090] FIG. 12 illustrates an example of a configuration
of a fifth embodiment according to the present invention.
The fifth embodiment differs from the first to third embod-
iments described referring to FIG. 2 in the method of giv-
ing the torque limitation and the d-axis current command
and the q-axis current command. In FIG. 12, the elements
denoted by the same reference numerals as those of
FIG. 2 are the same elements.
[0091] A continuous rating of the AC motor 1 differs
depending on a load factor of the press machine. Even
when the same press load is applied with the same mo-
tion (the same press working is performed), the contin-
uous rating of the AC motor differs depending on the
frequency of repetition of the operation, that is, average
SPM (SPM not as the concept momentarily changing ac-
cording to the position of the slide but as an average
value over a relatively long period of time such as a time
unit).
[0092] A value of the continuous rating of the motor is
determined by a thermal factor, that is, a loss. When the
field control is performed, an armature current increases
so as to allow the d-axis current to flow, resulting in an
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increase in copper loss. In addition, as the d-axis current
increases, the armature current increases. Therefore,
the loss also increases. On the other hand, the maximum
torque, which is determined by a motor constant, can be
increased more by the effects of the field control by ap-
propriately increasing the d-axis current in the range
where the field control is performed.
[0093] In the case where the frequency of the press
working (operation) is low, it is preferred to use a field
control pattern which allows a larger maximum torque to
be set in the range where the field control is performed.
On the other hand, in the case where the frequency of
the press working (operation) is high, it is preferred to
use a field control pattern which allows the high contin-
uous rating to be obtained even if the maximum torque
in the range where the field control is performed is re-
duced by some degree.
[0094] In a control block diagram of FIG. 12, from the
operation condition setting section 201, a signal indicat-
ing whether the operation is a low-frequency operation
(low-frequency press working) or a high-frequency oper-
ation (high-frequency press working) is supplied to a
torque limiting section 2041 and a d-/q-axis current com-
mand section 2051 in addition to the same signals as
those in the embodiments described above.
[0095] FIG. 13 is a graph showing an example of the
field control pattern in the case of the fifth embodiment
and shows an example of the d-axis current command
signal generated in the d-/q-axis current command sec-
tion 2051.
In this embodiment, a pattern indicated by solid lines
shown in FIG. 13 is selected when the operation is the
low-frequency operation, whereas a pattern indicated by
dotted lines shown in FIG. 13 is selected when the op-
eration is the high-frequency operation.
[0096] An example of the maximum torque of the motor
in this case is shown in FIG. 14.
The maximum torque is larger for the low-frequency op-
eration indicated by a solid line shown in FIG. 14 than
for the high-frequency operation indicated by a broken
line shown in FIG. 14. The maximum torque obtained at
the rotation speed NB satisfies the relation: torque TB1
for low-frequency operation>torque TB2 for high-fre-
quency operation.
[0097] As shown in FIG. 14, the large maximum torque
is obtained in the case of the low-frequency operation.
However, the copper loss is larger, and therefore, the
motor loss is larger in the case of the low-frequency op-
eration than those in the high-frequency operation be-
cause the d-axis current value (absolute value) is larger
for the low-frequency operation than for the high-frequen-
cy operation as shown in FIG. 13.
The q-axis current command is obtained based on (Ex-
pression 1) described in FIG. 3 as in the other embodi-
ments described above, and is appropriately issued ac-
cording to the d-axis current command.
[0098] As described above, in this embodiment, the d-
axis current command pattern and the q-axis current

command pattern are changed as shown in FIG. 13 ac-
cording to the frequency of the operation. The limit value
of the torque limiting section 2041 is changed as shown
in FIG. 14 according to the torque characteristic for the
frequency of the operation.
[0099] In order to realize the changes described above
in this embodiment, the capacity setting section 201a is
configured so that the frequency of the operation is set
therein. Alternatively, the operation condition setting sec-
tion 201 is configured so that whether the operation is
the high-frequency operation or the low-frequency oper-
ation is determined based on the press operation pattern
including a repetition.
[0100] Although the selection is made from the two
modes, that is, the low-frequency operation and the high-
frequency operation in the description given above, the
number of operation frequency modes that can be se-
lected may be further increased or the modes of operation
may be selected continuously. In this case, the pattern
of the selection of the field control in the d-/q-axis current
command section is changed according to the selection
of the operation frequency.
[0101] Further, the optimal selection of the pattern of
the d-axis current command also differs depending on
the highest SPM of the press operation pattern. There-
fore, the pattern of the d-axis current command may be
selected according to the highest SPM. Specifically, an
appropriate value of the d-axis current command differs
depending on the operation pattern among the case
where the maximum rotation speed of the motor reaches
a value slightly higher than NA shown in FIG. 14, the
case where the maximum rotation speed reaches NB,
and the case where the maximum rotation speed reaches
the maximum rotation speed exceeding NB. Therefore,
it is preferred to set the pattern of the d-axis current com-
mand according to the appropriate value of the d-axis
current command. In particular, the selection of the pat-
tern of the d-axis current command becomes effective
when the d-axis current command is given referring to
the memory map or the like, the number of set patterns
is limited, or the like.
[0102] As described above, in this embodiment, the d-
axis current command pattern and the q-axis current
command pattern are changed according to the opera-
tion pattern of the press machine such as the operation
frequency or the maximum rotation speed of the motor.
This embodiment can be carried out in combination with
any of the embodiments described above.
[0103] As described above, according to the present
invention, the press capacity can be selected by perform-
ing the field control. Although the press machine using
the crank mechanism has been described as a typical
example in each of the embodiments described above,
the capacity can be varied in the same way even in a
press machine using a mechanism other than the crank
mechanism (for example, press machine using a ball
screw or a linear motor).
[0104] Besides, various changes can be made without
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departing from the scope of the present invention.
[0105] According to the press machine of the present
invention, the capacity (such as torque capacity or SPM)
can be variably controlled according to various required
characteristics even though the configuration of the press
machine is simple and low-cost. Therefore, the press ma-
chine of the present invention is beneficial.

Claims

1. A press machine for driving a slide by a motor, com-
prising a control device for controlling driving of the
motor, wherein the press machine has a press ca-
pacity which can be variably controlled by using field
control for the motor.

2. A press machine according to claim 1, wherein the
press capacity comprises a torque capacity of the
press machine.

3. A press machine according to claim 1, wherein the
press capacity comprises any one of SPM and a
moving speed of the slide.

4. A press machine according to claim 1, wherein the
variable control of the press capacity is performed
by variably controlling at least one of a pressure force
generation characteristic with respect to a position
of the slide, a maximum pressure force exerted on
a work piece, a processing speed at a time of gen-
eration of the maximum pressure force, andaposi-
tionwhere a capacity for generating the maximum
pressure force is generated.

5. A press machine according to claim 4, wherein the
press machine is configured to limit a torque com-
mand to the motor based on a content of the variable
control of the press capacity.

6. A press machine according to any one of claims 1
to 5, wherein, when the motor is an AC motor, the
press machine is configured to obtain information
related to a d-axis current based on at least one of
a rotation speed of the motor, a torque command,
and a DC voltage of a power converter for driving
the motor, to perform the field control.

7. A press machine according to any one of claims 1
to 5, wherein the press machine is configured to
change a command for a d-axis current in the field
control according to an operation pattern of the press
machine.

8. A press machine according to any one of claims 1
to 5, wherein the press machine is configured to
change a command for a d-axis current in the field
control according to an operation frequency.

9. A method of controlling a press machine for driving
a slide by a motor, comprising controlling driving of
the motor, wherein the press machine has a press
capacity which can be variably controlled by using
field control for the motor.

10. A method of controlling the press machine according
to claim 9, further comprising changing a command
for a d-axis current in the field control according to
an operation pattern of the press machine.

11. A method of controlling the press machine according
to claim 9 or 10, further comprising changing the
command for the d-axis current in the field control
according to an operation frequency.
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